Tunable laser resonance Raman spectroscopic investigations of the transduction process in vertebrate rod cells.
Tunable laser resonance Raman spectroscopy has been applied to probe (in vivo) the role of rhodopsin in transducing light energy into the chemical necessary to generate a neural response. These in vivo experiments have suggested that the Schiff base linkage through which retinal is attached to opsin in rhodopsin is protonated. Furthermore, it appears that light eventually stimulates the deprotonation of the Schiff base linkage between the Meta I and Meta II steps in the intermediate sequence which is the result of light interacting with rhodopsin. Our data suggest that this deprotonation of the Schiff base occurs on the same time scale as overall proton release and uptake by the rhodopsin molecule. It is interesting to note that this series of protonations and deprotonations also occurs within the same time scale as the neural response generation in vertebrates and the generation of a proton gradient by bacteriorhodopsin, which is used by the bacterium, Halobacterium halobium, for ATP synthesis. If these data are analyzed within the context of the in vivo resonance Raman experiments (which seem to indicate that proton release is stimulated in the disc membrane during transduction) then there is a strong suggestion that the proton will assume an important role in any working hypothesis of visual transduction. In essence it appears that protons along with ATP and calcium ions must all be essential elements in the transduction process.